
COPY OF PAPERS 

COATING COMPOSITION FOR ORIGINALLY FILED 

HIGH DENSITY POLYETHYLENE TUBING 

BACKGROUND OF THE INVENTION 

Polyethylene ("PE") has many desirable mechanical properties and it is readily 
synthesized, and manufactured in any desired shape and size. In particular, there are many 
uses for PE,in its several grades, and particularly for.high density polyethylene ("HDPE") in 
the form of tubing, pipes, conduits, and the like. For ease of reference, the use of the term, 
"pipe" or "piping" in the singular or plural herein, should be understood to also encompass 
any other configuration of tubing or conduit, and the joiner and/or connector components, 
such as straight joints, elbow joints, end-caps and the like, unless otherwise specified. 

It is also known to the art that many potential uses for pipe comprising PE, in whole 
or in part, have previously been impractical due to the inherent limitations of this polymer 
material. This is of particular concern in the manufacture of extruded, pre-insulated pipes for 
general industry, the building trades, ocean platforms, e^ offshore oil and gas platforms, 
and ship building. In all of those environments, there is a demand for insulated pipes. 
Generally, pipes that are pre-insulated during the manufacturing process are more economical 
to produce and install. One preferred type of pre-insulated pipe has an inner carrier pipe, 
manufactured from any art-known material such as, for example, mild steel, stainless steel, 
PE formulated with any art-known copolymer ("PEX") and/or HDPE, and the like. This 
inner carrier pipe is jacketed with a foam insulating layer, e^ a hard polyurethane foam, that 
is, in turn, jacketed by a protective outer shell, preferably of HDPE, although steel is used for 
some applications. Optionally, one or more additional layers of foam, or other insulating 
materials, e,g., mineral wool or fiberglass or similar material, can also be incorporated into 
the structure of such insulated pipe. This type of pipe, with an HDPE outer shell, is typically 
manufactured as a single unit by an extrusion process. 

HDPE pipes, including insulated pipes with an HDPE outer shell, are economical to 
manufacture and install, light, strong, and corrosion resistant. Of particular importance for 
the ship-building industry, pre-insulated extruded HDPE pipe is more resistant to penetration 
of moisture into the insulating layer than are conventional insulated pipes. However, there 
are obstacles to wider use of this type of pre-insulated pipe manufactured solely from 
polymer materials. The most important obstacle is that pipe manufactured from conventional 
PE-based polymers, including HDPE, is generally unsuitable for use in areas where flame 
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retardancy is required. For example, the melting point for HDPE is about 120°C. When 
exposed to sufficient heat for even a brief period of time, HDPE readily melts and forms 
burning drops which can spread fire and/or cause severe burns on contact with human skin 
and clothing. Once ignited, HDPE burns intensely, producing noxious gas and smoke. 

Other shortcomings of conventional HDPE pipes, whether insulated or single wall, 
relate to difficulties in adhering coatings to HDPE. PE-based polymers such as HDPE are 
among the most difficult polyolefins to successfully coat with a paint or glue, and there is a 
long-standing need in the art for a solution to this problem. 

Paintability and/or gluing onto a surface is considered to require a min i mum surface 
energy of at least 38 dynes/cm 2 . In fact, it is considered that successful adhesion with most 
standard paints generally requires a surface energy over 50 dynes/cm 2 , but HDPE is reported 
to have a surface energy of only about 3 1 dynes/cm 2 . A surface energy of 80 dynes/cm 2 , or 
higher, is considered to be best for optimum post-manufacture painting, marking or adhesion, 
particularly when the paint or adhesive must remain on the surface for many years, while 
withstanding extreme environmental conditions. 

The requirement for painting relates to the practical and economic importance of color 
coding for identification of specific components in the construction and maintenance of 
tubing, pipes and/or conduits in a complex installation. The requirement for gluing and 
adhesion relates, for example, to the practical need to attach other construction materials, as 
well as markings and/or indicia of various kinds, to the pipe after installation. 

Previous efforts to address some of these shortcomings in HDPE pre-insulated pipes 
have required the use of a metal-jacketed pre-insulated pipe for the outer shell to provide 
flame retardancy and paintability. However, the use of a metal jacket, e.g., steel, as the outer 
shell adds weight and cost to manufacture and installation, among other limitations. 

Another way in which the surface properties of materials formed of PE-based 
polymers have previously been enhanced is by blending other polymers with the stock 
polyethylene, before extrusion, to impart flame retardant properties and/or paintability. For 
example, various products are commercially available in the form of granules, which, when 
blended with HDPE during manufacture, impart some protection against heat and flame. 
However, they all have the disadvantage that they change the mechanical properties for 
polyethylene. In addition, the processing requirements of blending other polymers into the 
HDPE adds to the costs of materials, and requires custom manufacture, which makes it 
difficult to economically supply pipe as required by the end user in the various industries. 
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Yet another problem with conventional PE compositions is its sensitivity to 
degradation by ultraviolet radiation in outdoor applications. The normal color of 
polyethylene is a milk-white. One way that PE has previously been protected from 
ultraviolet radiation in outdoor applications is by the addition of carbon black to the 
composition. Of course, this does not help any of the other shortcomings of PE, and for 
outdoor applications, a black PE composition can experience excessive heating from the 
infrared portion of sunlight, particularly with outdoor use in regions with a high solar flux, 
such as the tropics. 

Another possible method for enhancing surface properties of polymeric materials is 
by grafting or bonding coatings onto the surfaces in need of such treatment. Polymers have 
been grafted onto non-metallic substrate surfaces, such as cellophane, and polyolefins. For 
example, U.S. Pat. No. 5,753,557 describes grafting of a polymer onto cellophane using 
ultrasound to cure the grafted layer. U.S. Pat. Nos. 5,342,659 and 5,232,748, describe 
grafting of a polymer onto cellophane using radiation energy, e^ microwave, laser or 
ultrasonic energy to cure the grafted layer. 

U.S. Pat. No. 3,880,580 describes methods of activating polymer substrates such as 
polyolefins, polypropylene, polyester and polyvinylchloride materials to accept sulfonation in 
the presence of a chlorinating hydrocarbon solvent, so that the grafted substrate can be dyed. 

U.S. Pat. No. 5,407,728 describes a solution for grafting a polymer onto fabrics, such 
as polyamides, polyaramids or polyesters, to enhance flame retardant properties and 
resistance to fraying, for use in the manufacture of fabrics, including fabrics for airbags. As 
described by U.S. Pat No. 5,741,548, polymers can be grafted onto fabrics, including 
polyethylene fabrics, to enhance the printability of satin and reemay acetate fabrics. 

The descriptions of the patents mentioned above provide grafting solutions for very 

j -r 

specific purposes, which cannot be readily generalized to other materials. Nowhere do any of 
these patents teach or suggest grafting onto solid PE or PE-based polymers, to provide for 
enhanced flame retardant properties and other improved surface properties in pipes, beams 
and other similar articles of manufacture. For instance, U:S. Pat. No. 5,407,728 teaches the 
need to avoid excessive crosslinking in the graft coating to prevent undesirable stiffiiess, 
whereas in the graft coating of a solid substrate a high level of crosslinking is typically 
desired in order to enhance such properties as, e^ flame retardancy and scratch resistance. 

Thus, there remains a longstanding need in the art for methods and compositions for 
grafting selected coatings onto PE, including HDPE and other PE-based polymers, to provide 
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unproved surface properties, including flame retardancy, ease of painting, scratch and 
abrasion resistance with a surface energy of more than 80 dynes/cm 2 , and other 

improvements. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides methods and compositions for graft 
modifying the surfaces of PE, including HDPE and other PE-based polymer compositions. 
The inventive grafting process employs polyfunctional monomers/prepolymers, such as, for 
example, vinyl monomers, urethane and epoxy prepolymers which are chemically bonded to 
the PE surface by the grafting process provided herein. 

Broadly, the invention provides for a graft coated substrate that includes one or more 
types of PE, wherein the graft coating is covalently bonded to the substrate, and the coating 
includes a non-polyethylene polymer or copolymer, such as a vinyl polymer, a urethane, an 
epoxy, a poly silicone and/or combinations thereof. Optionally, the graft coating also includes 
a pigment or colorant, a fire retarding agent, and/or combinations thereof 

In one embodiment, the substrate includes a PE having a density, for example, 
ranging from about 0.930 g cm" 3 to about 0.940 g cm* 3 , or greater. The included polyethylene 
broadly has an average molecular weight ranging, e.g., from about 100,000 amu to at least 
6 x 10 6 amu. 

In another embodiment, the graft coated substrate is optionally a solid PE. By "solid" 
is meant a PE substrate that is not in the form of a filament, yarn, fabric or cloth material. 

Thus, the substrate is preferably formed into an article of manufacture, either before 
or after the graft coating is applied to the substrate. The article of manufacture is any article 
suitable to be manufactured from material that includes a PE. Simply by way of example, the 
article of manufacture is advantageously a pipe or tube, a curved or planar sheet, a beam, a 
board, a rod or shaft, a container for solids or fluids, and/or combinations thereof 

Graft coated pipe according to the invention includes, for example, straight pipe, bent 
pipe, a straight pipe joint, an elbow joint, an end-cap, a heat-shrinkable joint, and 
combinations thereof The graft coated pipe according to the invention also includes, for 
example, single wall pipe, pipe with a plurality of walls nested one within the other, pipe with 
a single insulating layer between two concentric walls, and pipe with a plurality of concentric 
insulating layers, to name but a few types of pipe that will benefit from the graft coating 
compositions and methods of the invention. 
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The graft coating provides polyethylene substrate with a number of improved 
properties, including the ability to resist melting and burning for a time period ranging from 
about 1 to about 18 minutes. This test is configured so that the article is exposed to a planar 
heated surfece that is heated, e^ by burning fuel (e.g., natural gas or propane), or electrical 
resistance, to a temperature ranging from about 800 to about 960 degrees C. The heating 
panel is a rectangle that measures about 25x51 cm, and the graft coated substrate that is 
tested is positioned at a distance of about 12.5 cm from the heating paneL 

Further, the graft coating provides the polyethylene substrate with an improved 
surfece energy allowing for post manufacture painting, coating, marking and adhesive 
application to the grafted surfece. The graft coated substrate according to the invention has a 
surfece energy ranging from about 56 to about 80 dynes/cm 2 , or higher. 

Processes for applying the graft coating to polyethylene substrates are also provided 
by the invention- One process according to the invention is a method for modifying the 
surfece of a solid polyethylene substrate by covalently grafting a heat resistant coating onto 
the substrate by 

(a) applying to a PE substrate, e^, a solid PE, a liquid composition that includes 
effective amounts of a monomer or prepolymer, a graft initiator, a catalyst and a 
polymerization promoter, under conditions effective to promote grafting of the monomer or 
prepolymer to the solid polyethylene substrate, to form a coating on the substate, and 

(b) curing the applied composition. 

Optionally, the liquid composition of step (a) includes a pre-formed polymer, suitable 
to be grafted to the activated substrate surfece, alone and/or in combination with one or more 
of the monomer/prepolymers. The polymer is, e^ a vinyl polymer, a urethane, an epoxy, a 
polysilicone, and/or combinations thereof, suitable to be grafted to the PE surfece. In a 
further optional embodiment, the liquid composition also includes a colorant such as a dye or 
pigment, and/or a fire retardant agent 

In another embodiment of the invention, the liquid composition is first prepared 
without the polymerization promoter, and the process further comprises the step of mixing 
the polymerization promoter with the liquid composition prior to application of the liquid 
composition to the substrate, which allows for a longer storage period for the prepared liquid 
composition. 

The monomer or prepolymer is a vinyl monomer, a urethane monomer, an epoxy 
monomer and/or a silicon-based monomer or prepolymer. The graft initiator is an effective 
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amount of a metal ion, e.g.. present in a concentration ranging from about 0.01 to about 1 .0%, 
by weight For example the metal ion is an ion of iron, silver, cobalt, copper, cerium and/or 
combinations thereof. The catalyst is a peroxide present in the liquid composition in a 
concentration ranging from about 0.1 to about 5% by weight and includes, e^, benzoyl 
peroxide, methyl ethyl ketone peroxide, 1-butyl hydroperoxide and/or combinations thereof. 
The process of claim 13 wherein the polymerization promoter is present in a concentration 
effective to react with, and crosslink, the monomer or prepolymer. The polymerization 
promoter is a polyfunctional aziridine liquid crosslinker. 

In yet a further embodiment, the grafted substrate is a polyethylene having a density 
ranging, for example, from about 0.930 g cm" 3 to about 0.940 g cm -3 , or greater. 

Optionally, the applied composition is self-curing, and/or cured by heating, and/or by 
exposure to ambient atmospheric moisture, e^ when the monomer or prepolymer is a 
moisture curing (e^ a moisture curing urethane): Depending upon the required conditions, 
the applied graft coating is cured at room temperature, e^, for a period of time as long as 6 
days, or by the application of heat, e^ ranging up to about 200 degrees F. for a time period 

of as little as 30 minutes. 

In a further still embodiment, the liquid composition further comprises a compatible 
flame retardant agent, such as a phosphorous-based flame retardant. 

In any of the previously mentioned embodiments, me liquid composition is applied to 
the substrate by a method selected from the group consisting of brushing, dipping, spraying 

and/or combinations thereof. 

In yet a still further composition, the invention provides for a solid polyethylene 
substrate, e^ an article of manufacture such as an extruded polyethylene pipe, that includes 
a graft coating covalently bonded thereto, prepared by the process the above described 
methods. 

DETAILED DESCRIPTION 

The invention provides compositions and methods for chemically bonding or grafting 
a polymer or polymers to the surface of a substrate. The term ''substrate" includes any object 
that is comprised of any PE or PE-based polymer or copolymer, e^ PE formed into sheets, 
tubes, girders, clamps, brackets, folded sheets, and any other useful form or geometric shape. 
Optionally, the substrate is formed of solid PE, Le,, forms of PE that exclude fabric and/or 
fibrous forms of PE. Reference to "polyethylene" or "PE" herein should be understood to 
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include all grades of polyethylene and/or mixtures of PE grades, unless otherwise specified. 
The PE can be substantially pure, e^ comprising no more than 5% by weight of non- 
polyethylene materials. Alternatively, the PE is blended or mixed, or formed as a copolymer, 
in combination with other polymers, and/or derivatives of polyethylene. 

Without meaning to be bound by any theory or hypothesis as to any proposed 
mechanism underlying the grafting reaction of the inventive process, the grafting reaction is 
believed to take place by means of a chain polymerization. This type of polymerization 
reaction, also referred to in the art as a "backbiting" reaction, consists of initiation and 
propagation reactions. Essentially, a graft initiator is contacted with the surface to be treated, 
e . g ,. a surface of an article formed in whole, or in part, of PE. It is believed that the graft 
initiator removes a hydrogen from the PE surface, and thereby induces radical formation in 
the polyethylene substrate. The radicals thus formed attack nearby carbon bonds, breaking 
the polyethylene chain(s). Once the substrate has been activated, selected polymers are 
linked to the substrate and/or selected monomers react to extend graft polymer chains onto 
the substrate surface at the activated break points. Further details concerning the inventive 
graft coatings and methods of making these coatings, are discussed below. 

Substrates: Porvethvlenes And Copolymers 

As noted supra, the grafting processes of the invention can be applied to all grades of 
polyethylene, including derivatives, and mixtures and PE-copolymers formed with other 
types of polymer. 

Preferably the polyethylene to be graft coated is a high density polyethylene or HDPE 
(>0.940 g cm" 3 >0.Q338 lb/in 3 , MW approx. 100000); 

Other embodiments of graft coated PE are formed from high density, high molecular 
weight polyethylene or HDPE-HWM (MW ranges from about 200,000 to about 500,000); 

Further embodiments of graft coated PE are formed from HDPE-UHWM: High 
density, Ultra high molecular weight polyethylene (>0.940 g cm" 3 > 0.0338 lb/in 3 , MW > 10 6 
to6xl0 6 ); 

Further still, there are useful embodiments of the invention that are formed by graft 
coating PE-LD: Low density polyethylene ( < 0.930 g cm' 3 < 0.0334 lb/in 3 ), as well as 
PE-LLD: Linear low density polyethylene ( 0.918 to 0.935 g cm' 3 / 0.0334 to 0.0339 lb/in 3 ); 
PE-MD: medium density polyethylene (0.930 to 6.940 g cm* 3 / 0.0334 to 0.0338 lb/in 3 ); and 
combinations and blends of the above described grades of PE. 
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In further still embodiments of the invention, mixtures and blends of the above 
described PE with other polymers are also contemplated to be advantageously graft coated 
according to the invention. For example, shrinkable pipe joints are manufactured from two 
different types of polymer. A first type of shrinkable pipe joint is a mix of HDPE and PE- 
MD, and a second type is a mix of ethylene / vinyl acetate ("EVA") and PE-LD. Both types 
of PE, as well as other types, including polyethylene modified with flexible butyl-based 
rubber or polymer, are readily graft coated. 

Of course, the artisan will appreciate that any other art-known types and grades of 
polyethylene-based materials not mentioned above will also benefit from grafting by the 
methods and compositions of the invention. 

Articles of manufacture that can serve as useful substrates for graft coatings according 
to the invention include, for example, any art known pipe or pipe accessory or fitting. 

Among pipe products preferably manufactured with the graft coatings of the invention 
are both pre-insulated and non-insulated PE pipes. In addition, pipe fittings, including joints, 
such as straight joints, elbow joints, T-joints and end caps, etc., are also contemplated to be 
manufactured with the graft coating of the invention. 

Pre-insulated pipes include pipes manufactured with one or more insulating layers. 
Preferably, there are one or two insulating layers, although the artisan will readily appreciate 
that additional insulating layers are readily added when desired. For example, a pipe is 
readily constructed to include an inner carrier pipe, an insulating foam layer, e^. a hard 
polyurethane, and a jacket of PE, such as HDPE, with a graft coating according to the 
invention applied to its outer surface. Such a pipe can optionally include additional art- 
known technical features, such as a tracer pipe embedded within the polyurethane foam 
insulation. 

The inner carrier pipe is constructed of a material suitable for the intended purpose, 
and can comprise steel, copper, brass, or other art-known alloy, any of the various PE 
compositions mentioned supra, any commercially available epoxy fiberglass and/or polyvinyl 
polymer pipe, to name but a few possibilities. Where desired, when the inner carrier pipe 
comprises PE, the inner surface can optionally be coated with a graft coating according to 
the invention, to enhance the properties of the carrier pipe lining and to provide, for example, 
improved resistance to heat, solvent penetration, and microbial contamination, to name but a 
few ways that the inner surface of PE-based carrier pipe can be enhanced. 

In a further embodiment, a multi-layer pre-insulated pipe can include one or more 
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additional insulating layers, comprising the polyurethane foam found in the first layer, and/or 
optionally the second dayer 4simmufactored> frora'diffei^^ including 

heat resistant fibrous materials such as, mineral wool and/or glass wool, or any other art- 

/- l +i ♦ • BACKGROUND OF TETF INVENTION 
known insulating matenal^^ — 

In addition to pipes and pipe related articles, other types ofarticles too numerous to 

^IveSylene PFE") has many desirable mechanical properties ana it is reaany . 



mention can be _ 
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surface properties. Simply by way of example, graft coated articles that comprise, EE include 

uses :or rET in i:s several gravies, *mc parnciuar.v ;or a;~: zzXlsiv* pu^e*- v :c^- . , — - ;■ 

those suitable for use in space filling and; stractural support, in the form of sheets, boards, 

a . - ♦ ^ -.f-^c — :-t;-t- iris rjj* - ~ i riersncc jc^ ^- * — - — — • 

shafts, rods, or structural tubing, or in any other convenient shape _or size that is desiredL_ 

Other examples of graft coated articles that comprise PE include boxes and containers 

anv ;-jier ^cru~ curator, o; luomg aoneuiu anu — - r - J,ritCtJ - 

fabricated in whole or in part with PE. For such containers, graft coating enhances such 

desirable properties as scratch resistance, paintability for ease of post-manufacture coating, 

Ii is afso known co :he- art diatxnany pocennai *or pipe comprising r-, :ij *u.y& 
marking or gluing, and flame retardancy for use in areas where this property is important, 
or ;iip2xt. have previously been impractica, cue xo ^: ir^reni arm.a:ions or .tr* po.ymer 
Flame retardancy in PE-based containers is important, for example, in boxes or containers _ v 
material. This is of paricular concern in the rzanur^Tur? ex-^uaea, pre-^bUia.ua p.p^s ^ 
that will be densely stacked in warehouses, that will hold safety equipment on slnps^aircraft 
-^^indusffv, me buiidins trades, ocean platforms,.^ oi/shoteSii and gas piauorm*. 

W 1 * ^ _ _ — A • ^* j * 1 _ J. * ^ _" J / t »■ _ _ ■ 1 



and other vehicles, and in the manufacture of containers for storing volatile and/ or flammable 

and "hip buSffins. In ail of those environments, ihere :s c aemanffTor msula;ed pipes, 
solids, or flammable liquids such as foejs. . Other containers comprised of 'PE^ benefit . , 

General! v, pipes that axe pre-msulatea dunng the manuiacrjnng^rocess are mo, e economical 

from improved surface properties and reduced flammability include those for storing food 

:o produce and install. One preferred type ot pre -msu^Teil pipe nas an inner <.a^ e. pipe, 

oils, paints, solvents, cleaning agents, and the like. ; . - { } ^ 

manuiacrarca from any ar:-^WTi matenai sucn -s. :cr -xamoie, ni^Ic s-.eel, ^^d-.^s 

?E formulated v^l.th anv on-known copchmer ''"PEX* 1 -^c or HOPE, and ihe.iike. This 
Grafting Mechanisms and Reactions . . 

The mil reaction can be better understood by considering the foUowing^ steps (1 a)^ t% ^ 
through ^(3)/wherein PE or - [CH2 - CH2*]n - is the substrate ^("S;) the grafi -initiator is GI and 
R f is the residue of the polyethylene chain. X is a unit of vinyl monomer. l>e selection of 
governs the property or properties that , are obtained. Optionally, ,a,mixture of monomers are 
employedTand more than one property of the PE substrate can be modified or enhanced in a 

single processing step. ^ ^ _ „.,* s ^ -u^- ^, _^^:^ 5 

In step (1) the GI* ^induces radical formation ("S* n ) in thejolxetiiylene substrate Qa). 

"manufacture and insiaii, liznu' srrons, and ccrrcs^or: . pa^u^Uiai :iu y Ci^^e .01 

Alternatively, the di* activates reactive prepolymers or pojjraere.C^^^ 

me'dlum, to P* (Tb) that in ton directly grafts to the HDP (lc). . tj^,,.,,.^ fK 
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^E-baseci coh"=:ers. irxi;:dir.2 ; s t^s actable for use r. areas a-hers name 

S-H + P " S-P (lc) 
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r When : fiie i^bctibn T pro^ b y ^P 1 

below ^ :o s - : ^ c:enc b eac :37 - ven a brief period of rjr £. r"'?Z /eadily me lis and forms 
bursitis drops : :*hich con spreaa fire and or cause sever- ;urr_s cn contact \\-ith human skin 
and cipuhinz. Once ianited. KDPE bums intensely, croducip^noxious gas and smoke. 
S Oth^^hortSLings of convenrional'kDPE pipes, Tvpether insulated or single wall. 

reia:e to diiXcuities in adhering coatings to KDPE. PZ-cdXi polymers such as HDPE are 

Initiation site . 

rnor.s the znest difficult -eiyoLenrs to successfully cea; a pam: or gme T ana mere is a 
In-step_(3); diain propagation pcciirs, md : cpntiLnu^Sv .-.rr. 
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(3) Chain Prop^ation . 1 - 
R* - CH2 - C:H. -+..(GH2=CH)n - . — — ► S--..(CHa: --Xafy^-G'tt^-^ 

The graft initiator is optionally regeneratedby reaction (4),as follows;. xsricr-2 rr adhesion. 

n :-.,i---r v vl-'-^ ~airt ,ir '-r-si'-e ^'^"emajtL.-r many years, while 

? RCk3fa .T+ GI > RO + OIT + GI (4) 

^•.•±ita:Peroxidex2nie environnirriuii conditions. 

Tae retirement for painting relates- to the practical and economic importance of color 

codina for identification cf specific components in Us construction and-mamtenance of 
The process may be terrninated by radical combination as shown mjreactopM_(5)_and^6) 

ibuf2 3mes and on conduits m a^ompiex installation. . rsquuemeu.. s una 

" i I j. ■ 

?r2* \ :j2 efrr.s t - ;^res? sere ^: nese s-^:~;'^n^b Lu - i- - ..^..a..,-- v- r -w- 



err. .:e>r^ s -"(GH2 - CH)iH»l'- : S 1 :z " " " ~' : ^ "" :r — ^ - 0 

— — — -a . .v * - . -» * - ^ _OITIl Oi ZT- acS. 

X 

. ~ , 1 " ^t_-- r — ^ ^ - r. 3 2 a: 2.1: aear r.c flame. 

-Goateii Polyethylene - — * - - 

% ..(^i^,n.andm^^ de&^^sub^t nimbe 

^ , . .-^ e xd-itic-i. >2 "T^csssins recuirerr.-n:: ?:'bl.?ndir;g other pcisTriers mtc lie 
— - - Thus,.when the.reaction.proceeds fi^^^l^-tepiu^jt^^^and (3^fl»:new 

polymw.structiro.fonns.atto 

the reaction is terminated. When the reaction proceeds from steps (lb) and (lc); a preformed 
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reactive polymer is linked 1 directly with the -PE-surfaee;- Both alterriiative reactions provide a 
coatoi polyetEy le^Fmatdrial^thai : : poss^s J ali : the desirable pioperti^oftiie^selecf 6i grafted 
p6iyme?ci>aahy^ ^C^vh;:e. Cne •* ay chat PE has pre*— 3ly been protected from 
ultraviolet radiadon in outdoor applications is by the acdhion of carbon black to the 
Methods and Solutions for Grafting • help any of the o;her shortcomings of ?E, and for 
c ^tccrAsiexemplified below, the graftog process is conducted by: pr^aiing:a graftinghe 
solution^ Theigrafting:sdLution.is:appU^i to a^EE substrate/exe^lified. as HDPE,sby,anyx. 
available art-known method, including, e^ brushing, spraying, dipping, spin coating, vapor 
deposition, . and the like. ^The viscosity of the grafting solution is adjusted.as needed, so.that,- 
for exampte, it is sufficiently viscous for application.by dipping or brushing,- without -~ ^ : 
significant dripping or running of the applied solution, or sufficiently thin when optionally- 
sprayed.onto the surface to be treated. z^z r :.:\~^-. "'- - - - = 

'rzs Eor;convenience; the grafting solution is optionally prepared c in twd*parts:^Part^ and 
Part-Big c; a peLviner onto cellophane using ra^ ar.cn ±r.crsy. e^-microwave. :aser or 
Ultrasonic enerzv :o cure :r.e 2rir.Formnlation of Part A 

P^A?of lhe:graffing:'solution is^preparedin a:sqlvent cqmpa.tible:>wifh5the reagentsis 
sele«^rforntlw:grafting.'3!So^ents:ate selected/dep<mding.on 1he:preporymer and/oribnatioc in 
monomers. employed, aM.catrihchide polar, solvents such as water,:waler soluble alcohols, sc.. 
ethers, esters, iket6nes,-and"derivatives and.roixtures^^& norqiplar solventsisuch as. :n 

organic . solyents,:&^.arornatic:solveritsasuch-as benzene and its derivatives,?alkanes:imd/or 
alkenes;and their derivatives, halogenated brganic.solvents, oflier ,readay:av^lable.sblyentsLi 

Graft initiators are preferably -metal: ions including, for example^irpn, silveriicqbalt, 
copper, cerium and others. More preferably, as-exemplified herein,.sUver ion is employed. 
The graft initiators, are preferably employed at a concentration ranging from about 0.01 to: - 
about 1.0%, and more preferably from about.0.001 to about 0.1 %:by:weight, relative to the , 
weight of prepolymer or mpnomer(s) present. * . " v:_^- 7 /~w-r, 

; _r Catalysts are preferably peroxides, including, for examplerhydrogen peroxide and~s 
atiy organi^perbxide; such ^:.:e,g..:benzovl..PCTOxide; methyl ethytketohe pCTOxide^Autyk 
hydroperoxide and derivatives and.combinations thereof. The catalysts are preferably =ss 
employed in a cqnceiuTatibnjimging firom:about 0.1. to about 5 %vor greater: Morecally 
preferably; the catalysts are employed-in-a^concentration ranging from about 0w05:to:aboutce. 
1.0% (by ^relative to the solution-weight), rc^^ :r. / ~~ nr-sccs ^ :ompcsu:cns :cr 
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™ * 

Monomers or prepolymers include, for example, organic-based monomers, silicon- 
based monomers, and/or combinations thereof. Organic-based monomers useful for grafting, Q1 

North Carolina). Other water-dispersed prepolymers include epoxy monomers, e^ 
imcrovemenis. . tm ,n. „ /-n. • , ~ 

preferably including the epoxy monomer available as Epi-Rez (Shell Unemical uo., 

Parsippany, New Jersey). SIMMaRY OF T i : r ' /-jOX m 

Aliphatic moisture-curable urethanes are also employed, e^ the Spenhte M27-X- 
63 and/or the less viscous M22-X-40 (Reichhold Chemical, Inc., Research Triangle Park, ^ 
Norui CaroUna), and D.R.R. G84 EK 40 epoxy resin (Dow Chemical) and/or combinations 

thereof. _ . _^,- T ,,.^., - — -.**:,■*--:--- — .--"I ^ '-x-. "•I - !- ^ 

Aromatic. moisture curing urethanes include, for example, the Spenkel M21-X-40, 

M2r-X40LMrM23-X-56, ^7-A6Xpii,M67- 1 GO, M26-X-64 and M86-A6X-60 and/or = 

--.~*3iV ne fennel:- rre vices -or « zr^i — — — >J\-ie ^c.aaes ^ne a* riiCi^ 

combinations thereof (Reichhold Chemical, Inc., Research Triangle P^NoA C^fim^ 

Aromatic urethane prepolymers include, for example, the. Spenkel P49- A60, P82- 

incluces f^-i^^-iJne%^mer or copolymer, -s 3 vinyl polymer, a uretfcane : an 

K4-75 and/or combinations thereof (Reichhold Chemical, Inc r , Research Triaigle Park, 

eoc^SS coz:ciiat:ons taeree:. ^ - ::eoaii}\ tfce grart coating also mcluaes 

^^^^^^ l 8 |f dSi^r ex£§? S 

G? ^:^? T ?^m about ■ .930 z cm*- :o aoou: C z ;:r "~ r.sater. The included tviye:h>iene 
Silicon-based monomers useful for grafting surfaces comprising PE preferably . 
'-rr r-i ay z* ~~'zz~ ^o-w-'-.dr '*.^:^rit - 'f. rX'Ul .t'L-.v^L' arnu 10 av ;ea^>v 

include silane priolymCTS." Readily available silane monomers include organic silanes such 

as, vinyl a^l-etooxysUmes, e^ vin^l triethoxy silane and vinyl ^^^/^^^ v < - 0 -, id .. 

mraom^,.^ 

Pennsylvania), to name but a few. Combinations of any of the foregoing ^ • 

monomers/prepolymers may optionally be employed. : 

In one preferred embodiment, vinyl and epoxy functional sUanes, such as the vinyl 
triethoxy silane and vinyl trimethoxy silane monomers described supra, are added to the 
grafting solution in order to provide improved paintability and soratch resistance ^ to the 
grafted surface." i^_^ir^yed?urApe ^ows the grafted artcle^ be painte4 or^ 
marked iniy^r or ^^thany^^ 

m^fac^ancVoijr^ed.^ om ^^#vv^^.S?^ with 

• embodme^Wgra^Wcles can be re^y .fixed or ^ed £ to,ofce^^ 



, "Tk »" •*•-■»•» — -> 
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adhesive or 



glue-type systems. In an optional preferred embodiment, grafting of the interior 

-V --art ^ann< ? "^^ iue c ^oivetm iene subsirv- - a number o£ improved 
surface o£ for example, a PE-based earner pipe can allow post-manufacture application of 
nrqeerties. irxludin-the AilitY to resjst meltincanc burang for a time penoa ranging from 
art-known coatings that will reduce solvent penetration of the earner pipe and/or retard 
ahnvtJ -o aboitf l& minutes. Thk test is configured sc that the .articfe is exposed to a planar 
microbial growth within a fluid- filled system of pipes, as needed. 

, , t , -v» , t -ea^-d - r-v bumin<? fuel < e _z. rxural gas or propane), or electrical 
1 Cfano ther preferred embodirnent, additional components are optionally^combined 

with tfie liquid Wm^sftiocL SiicH additibnal components include, e.g.. one or more dyes or 

< , 2r^ ; - a T.ea^-^- aHcut 7.5 x : v . - r an copied substrate trial is 

pigmente v th&~impaft~a heat-feflective properly to the grafted coating, as well as with any 

other art-known components "commonly added to paints and coatings. Such reflective 

— ^ - r - S-i v* -. ■ ~ --- - - - — 

colorants include,* "simply by way of example, finely divided metal powders, in a proportion 

. _ — ■-■~u~-vrare vi'S'" * - m^r^iug -inc .i-j.iei'Ae 

10 suflBcient to give the finished grafted coating a metallic and reflective appearance. Such 

metal powders, include, without limitation, aluminum, copper, brass, stainless steel, gold, 

... , nm-z-n^ "r^m o.boi"i f -5 ;o about ~'rr ^oyru^-ier. 

chfbmium'aiid /dr any other suitable powdered material that will impart a heat reflective 

^ ,«r.i^:-, ~ — o - -,> a ™~ v - - " : -r.^ su'^rrrates are also provided 

luster. Optionally* other-reflefetive' coldrarifs are"'enq)loyed, separately or in combination with 

• - ^ ^--^—-^n On- *->r— . -^-c T^o'^inrr to th^ inve**." rr :< a n*eihoa for modifying the 
metallic powders; Such -additional reflective colorants include, for example, powdered 

i c w.^r-^ .^p .^ijH .no ivemv lene,^bstraK -bv co vajjni v -^ing a he.at resistant coaling onto 

1 5 titanium dioxide, zinc oxide, and/or combinations thereof m proportions that impart a 

- refleciOT^^^ifte 1 appearance to the finished coating. 

.^u^^r n vt „-cr^r, , r - " --id composition that includes 

In a ftffther preferred eml&dmeiitf siutable inorganic or orgamc dyes or pigments that 



impart l a marking color that is not white^or metallic* are' mixed into the grafting solution or 



-~ ^^-^ ^ t -w -^re^^ " •- *"'^te iranms o:*^ tnononier 

coValently linked by art-known methods to one of more of the coiriponerits of the liquid 

- ........ _ - . - . • r ~ 7 -T ~ 'i. -Jl. . t ^.L i-*.* i v! — '-i-i. 

20 composition; These include colorants that impart red, green, orange, yellow, blue, violet and 

variations of theses Stiitable "colorants for this purpose include, simply by way of example, 

Tint Ayd EP or UL (Red), green yellow,' and/or combinations thereof that are commercially 

, _ ... ^ , ... - : - =. ^ - - - - .:?rarin-.-c-rL .":::o'cor 

available, for exampleVfrom "Daniel Products^ Jersey City, New Jersey). Additional such 

pigments or colorants include, e. g. . V zirconium oxide, zircon, zinc oxide, iron oxide, 



, . ...^ - r -,:- r ^ ^ • - — v re^ "ne ^ b sunace. m a 

25 antimony oxide, and particularly weather resistant coated types of TiC>2. The pigments may 



also be blended with a suitable extender material which does not contribute significantly to 



hiding power;'Suitable"extendiETS include silica, baryte, calcium sulfete, magnesium silicate 



(talc), al uminum nviHe 'alnmimim silicate, calcium silicate, calcium carbonate (mica), 



potassium aluminum^ silicate and other clays of clay-like materials. Where present, the 

30 pigirien& aiid^ktenders are nonnally "present *af a level of from ahoiit O. 1 to about i .0 parts by 

-0 orr-^-v ^ z^Qfirw^ ^ni f ;r illows rrr ji v-~^ u : ~ 3 ^^ :od rbr prepared liquid 

J weight per part by weight of the polymer components of the grafting composition, on a dry 

weigfiFbasis; 

Further optional cbmpbrientsof the liquid composition of the grafting solution and of 

mororv^r at.c or a £- ; .o^a- "rase- r^ncr^r or *:r.'" - r: -'- :a -° r N ^ — - 
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the formed graft coating include, for example; antioxidants, U. W absorbing compblmdsVaiiil 
aotberiStabiiizersuwelLlmg^rto .the :artiin:artdaiown propgrtipns;nThe.c»mp6sitiori:of:this} 0 b, 
binventibn mayealsoioptidnaUyrm^ in.amoimts /^ch r arecc6mmonl>or 

cincluded in^^*^ 

cfimgiride^miMe™ suspending agents,ifldwJc^^ as 

pwaxeslonwai^ c»n<rol^gehts^iageirtscsiich 

TasesflicacoEclaylahd ffifetfkersin the polarization rrrrzcter is present in a concentration 
erfecdvdn^astill finihenembodime^^yLofithe above^escribedmlmom^ 
-simply:byiway.qfr'example; disperaedlpolyurethane in combination with, e^ epoxy 

prepolymers Epi-R<«^ 

-R9.67.9™ (Avecia; Lacr,: Charlotte, North Carolina), are pre-linked with suitable colored dyes 
or pigments byl'art-known methods inorder to provide a fully grafted^and permanently ?r o> 
^colored-surface 

;:mbnomers;arej^^ and/onpigments ^dissolved 

;m mcmdmCTS^epolymec solution andrthen:apphed onto^therdesired substr^sbyiany^^ffective 
<method:<j^d^ ^lah^utFl 50W6frabouti20 to 

cab<mt3LQiminutesiiiutes . 
TP^oljmersiac^ 

^concentration rangiiig^fi^ t0 solution. More 

preferablyrthe pi^olymers=md/or^ ihia:tfonjcentra^ 
*about;0rkto about?20%pby/^ of brushing, clipping, spraying 

and or cThus,-the?desired s reagents, e^ prepolymer(s) and/or monomers, catalyst, graft 
initiator systemearid other ingredients;of the composition are.mixed in ax6ntainef:with;a 
:compaiiblejrcta^ - - -_.^>:;ye-:^e -:re. ica: rx uaes 

i zzz r :In yet: a still rfurtherembodiment, one or more flameretardaht agenfcor agents ire 
: added-to the formulation, are added to Part A. Any art-known flame-retardant 
composition that is compatible and miscible with the components and solvents of the 
formulation is optionally employed! AEbrlexample, attrknown' organic or inorganic 
phosphorousrbasediflame-r^^ chemically bending =r grafting 

a pci.Tr.m particular;me flame retaTdantis* 
:examplercMbrmated:ph6^ha£^^ 

tbromoiryliemer/phosphate pr<)ductj fandtphosphonates. 5 Exemplary fffc^retiflian® include s 
fdmiemyUme^ylpto 

Sbrous forms of PE. Reference to 'pciyetbyier:- ' - '?£" herein should be understood to 



ex™ 



15 -.-9011,1001 

. j>Ugomeric cWoroa^ 

^ohgomeric phpsphonate,.to name but a few „, , _ , 5% bv - vVS12ht 0 / con . 

These types of flame retarding agents, andpthers, are available,,^, from Akzo 

f Nobel Chemicals, Inc., DobbsFroJwM.^ $$8&8P L i of Fyro1 * Additional 
■flame ?fta^i^ fc to<^le, / iw^^i r ^^^^^iP* os P hates ' 
t-burylM^Lpho^ 

available, from Akzo Nobel Chemicals,, Inc., supra, under &e t^ena^_ofpyrofl 

eenevea x ,«iiw Ci2c; .,-v -.--^> •-. - •--^-~» ■ *- - 

and Phosflex^'The Akzo Phosflex™.prdducts include, e^ fributyl phosphate, 

isopropylated triphenyl phosphate ester, to name but a few. ^ ^ ;u ^ r . : ed- 
" As exemplified herein, dimethyl methylphosphonate, available as Fyrol, . DMMP 
from Akzo Nobel Chemicals, Inc., is mixedintp the formulation, ^one a^id/or i^^mbi^ation 
with any other suitable flame retardant material^ The foUowing;table sunmaii?es r ttie fl^ne 
retardant additives available from Akso Nobel Chemical, Jfnc., by botii graeric mdtrade 

names, and is provided for the convenience of the reader, aryljsjiot intended to limit; the 

'IriAea zb sic s~d$$xraz? or se:ec:eu monomers r^-^v - ^ -.^c^^^ ^o v - 4 ,,. ...^^ 

scope of the invention in any way. t - - 

.-2 - ^^DblTu^ - i^-^ — w --.wU 

. Chlorinated Phosphate Esters M , 



Fyrol™ FR2 tri (1, 3-dichloroisopropyl) phosphate 

SubstrF5^™c^^vlen^^ phosphate 

Fyrol™ PCF_ ™^^^moroi^propyl).ph^^^ tracts of 

Fyrol™ 38^ " tri ti;3^cWdr6isoprdpyI]"phosphate - 

Olieomeric Phosphate Esters 

: Fyrol™^25 oligomeric chloroalkyl phosphate/phosphonate 

Fyrol™ 51 s t : . ^ . " oligomeric Phosphonates/ 

. Fyrol™ AH . , . :Vi - t 

"Fyrol™ 99 " " " oligomeric chloroalkyl phosphate 

_ _ .. ^ Inorzanic Phosphates , — t ^ : . 

- Fyrex™ ' c diammonium and monoammoniiim phosphate salt 

Flexible Fyrex™ rdiammonium and monoammoriiurd phosphate salt:.: 

% _ , * * r > '.")25^ .*: -ir/. V: - ^ 

- - ~ " ^Monomefic and Oligomeric Ph osphohates 

■ Fyrol™ DMMP dimethyl methylphosphonate 

Fyrol™ 6 _ ^die&yl^N^bisP-hydro^^yJ]^^ are ± ^ td v.. 

-icr n^r^ -c t — - r ^^ om etiyrphosphbnate" ^ 



■ — - j - _ 1 



v t ^> 



Melamine Derivatives -■- — . 



" Fyrol™ MC - - ^elaibihe cyanurate r /"' ^ , 

7*i-^ZFyrol™ MP^r.y;c:; iu;; melamine jphosphate, . S *).0324-;c r *c r/ -: 



1 
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Bromoarvl Ether/Phosvhate Product m y . 
Fyrol™ : PBR- ~ c ~^-- ::: pentahrnm 

Merced PH ^vith orher colvmers ar? a.io contemplated ..: cc advantageously gran coated 

Flame retardantf s) are added to Part A in a proportion that enhances the flame 
^co-^-':: 0 *c *he invenncr.. For e:canr'.~\ shrirarabl? : ~ . " a::- —3 manuiucturec rrcoi two 
retardant properties o if the graft coating without impairing other desirable properties, as 
di^rent -ydcs of poivnier. A first r/t?e of sbrinkabie c.pe ;cuu is -a mrc ot rLL^n ana PL- 
described^and defined herein. Thus, based on the foregoing, the artisan will .appreciate what 
5 \D and a second roe is a mix of ethvlene - vinyl ace:- t a > A M ) ana Ph-L^. 3ctn types 

" amounts/proportions of flame retardant to add to Part A. Simply by way of example, the 
PH. as vveli as other tvoes. including ^olyethyieae .T:co:f^c/vidi cexio;e Dutyi-sased 
5 flame retardant components) is added to Part A in a proportion of about 0. 1 wt percent to 

rubec^ :>rDc*vaaer, are readilv ^ral; coated, 
about 10 wt* percent. More particularly, the flame retardant is added to Part A in a proportion 
f = p — -- e ve'r::* 1 i.:V" 4 ::e va: ,r\ ' " * T-zo'^rpes ^1 graces ox 

% ranging from aboirtb.5 wTpercent to about 5 wt percent Preferably, when the flame 

£0 retardant is, e.g.^ Fyrol™ DMPP, it is added in a proportion.ranging from about 0.5 wt 



r i i percent to about 3 wt percent, or more. 

1 0 The pH of the formulated liquid composition should preferably be in the range of 

M from about ^&rand appropriate amounts of a suitable acid, e.g. phosphoric or acetic acids or 

.,.-3 — ** . * — *.".--*~ ~ . , 1/ • 1 j j • . .1 



a base, e.g~ sddium hydroxide, ammonia or ammonium hydroxide, may be included into, the 

ire s-h^inralated and ncn-^s'uatcd PE pires. ^acittc a. ?:pe Sttdgs. inducing joints, 
composition to adjust the pH as necessary. , 

5 suca ^5 irraiz^t jemrs. eiiowjorj:-, :-;cin:i a^c ea,. a^e a:so ^^^.p^eu oe 

aia^uiactured ^iththe eraft coatina of the m\*earlcn. 
15 " " Formulation of Part B ... 

■ ?^e-irsulated oirses include oires manuiacrjrea \ cne or more insulating layers. 
Part B of the "grafting solution is prepared as a separate solution to contain a 
Pre^rabK icre are c?e or rro ixsulat^g ia-ers. al:hc-. _a ^esrtisan ^il reaa:^ arpreciare 
polymerization promoter, such as a crosshnkmg compound. This strategy avoids premature 
"ha - i.dciiac"ai jnsujar.n^ lasers are rraoihy uccec '.\ 'c 1 — x-or ex a — Ui2. a pr^-r ,s 
gelation or hardening of the composition over periods of storage.. Suitable _crosslinking 

corupounds include any art-known crosslinkers that will react with, and enhance crosslinking 

20 of the monomCTi or prq)olymers employed for the grafting process. Such a ^polymerization 

promotor is particularly desired where the polymeric component contains fimctional g-oups 

which are capable of undergoing ionic condensation reactions, e.g., carboxy, hydroxy or. 



epoxy. _ 

"Suitable pblymerization promoters or crosslinking agents include melamine based 

25 amino resins such as hexamethoxymeliylmelainine, benzoguanamine resins, urea _ r 

formaldehyde resins, glycoluryl-based resins and like materials. Preferred crosslinking agents 

— - ~r- - . s- V- — . - ' — i -vt - ; •\' ~* * ■ ~ '•* 1*" - - - — *'*• - " - — * — — 

are those which are active at ambient temperatures, Le^, from about J?0 to about 3 0°C and 
include epoxy silanes such as gamma glycidoxypropyltrimethoxy silane, beta-(3,4- 

epoxycyclohexyl) etbyltrimethoxy silane and polyfunctional aziridines. In particular, the 

c s ev -^_:s:ara3 '.c :ca:. :-c - - : cene'a-a'acr.. -r . -*a; ccatan^auca, -J a-ume ou: - 
30 selected crosslmker is reactive with orepolymer or polymer carboxyl groups. 

. c * > .i.-- .1^^. » — <~- >- - - — -> ^ — — w 

« * 

. -.^^ ^Vr5— i - ^ *iae can ;ac*aa^ oae or more 



5 
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The crosslinker exemplified herein is a polyfunction^ azindine bquid crosshnker, 

suchi°for ™ple S l*az£d£ep?o^^^ ^ 
Sd^ft^p^^ 

WiS^M^^^^^ CX^OO***. 5 m^iW^MM- 

rnS^ttlqm^t weight of 156, that is used to crosslink monomers, prepolymers 

and/or pSy^eS^ 

mention can be fabricated from polymers that include PE ; and then graft coated for improved 
solvent-based systems. 

^ ace $n P on^; o^^^ 

* " ■ r-ii- i . 1 . - - * .- -form <*V>f*Pt<: .KnaT-rlc 

booiffients cotnpnsmg l qpoxy 



Way Oi example, uaxu&u&xo a mumL wi^ — — 

Hi 10 suchas Sofy^ 

markina or eluine. and flame retBrdancy for. use in areas where tm^ property is imponant. 
s , and Chemicals, Inc. Allentown, Pennsylvania) 

C:l ' Flame retardancv in PE-based containers is important, for example, in boxes or containers 

t = L 15 

15 that will be densely stacked iT.h&Graftmg. Solution an d Brbcessaumment on ships, aircraft 

and othprari^aM®^nn*ed£inJa^tablB^ 



reefing- ^aSnli'soli 
toea^onvtoirun^a^^ 
20 an&meiaesif e^^fope«ieSX>f Shejgr^flediBBaeQeneraUy, the solution is air dried onto the PE 
20 substrate, and then cured by the application of heat for a time period ranging, e.g., from about 

f, to Sfr™tM t *aire,i«ta temperarare,ranging, e^ from about 100 to about 150 degrees F. 
When h^curingtistuiidesii^ can.optionaEyebejaUojv^ t&cure, 

Mbi^ten^»i»?£gg^^0ae^Se8 G,-for;up to!6 or-morg'days.. graft initiator is GI* and 

25 R is the residue of the poiyetbyler.e chain. X is a uni: :f vinyl monomer. The selection of X 

r^wfiiniino thp Prnner ties of the' Grafted Surface 

2 5 governs the property V/\?Y^™A fA""fvCL^<:. . r ^uaauy , a unxiuie of monomers are 

qig.gialR.c^n^w^er^^st^tfer theirs abiUty.:to.resistimeltm&c^^^ 
^?p%H6^sby*^>osure to a standardized source of intense radiant heat, as described in 
30 gtealwIa^m'to^C&mpl^ 

t B y^"^^^^^^fo^<^ aies reacTive prepci'.ners or polymers ("P") in the reaction 

30 medium, to P* (lb) that in turn directly grafts to the HDP (Ic). 

Surface Energy Testing . ^ ^, _ „ - f ^ 

A number of aSkndwn methods are available for detenriining the improvement in 
35 adhesion oTpainti, cedents, adhesives and^the likStosur3£ces. The graft coated surfaces of 

- 5 S-H ■+ P* * S-P (1c) 



. 10- 9011-iOOl 
When the reaction proceeds according to step (la), initiation occurs as shown by step (2) . 



beiow. 
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PE samnles were tested for their surface energy by a standardized commercial test of surface 

S hT qh 2 _ CH » S - CH2 - CH 

wet-ability using inks of known surfece tension. The adhesion and/or paintability properties 

of the grafted surfaces depend upon the surfece energy, ^commercially available wetO- 

Initiation site 

ability ink is the Corona-plus Pro-Dyn Test Ink™ (Vetaphone Company, Denmark). The test 
^hasl^ formiiM^ inks that are rated by their surfece 

tension in dynes/cm 2 . If a surfece is marked and the line of ink breaks up into small droplets 
* ^"(reticSStesf wSSm "^seconds, then the surfece has a surfece energy lower than the surfece 
teiisib^raiihg^of the inkFln essence, if tHesurfiicecan be wet by the inkrthe' surfece energy 
of the:treated surfece (e.g., the tested graft coating) is higher thanthe surfece tension rating of 
Tthe»inkgihLdynes/cm)prlona!Iy regenerated by reaction r 4*;, as. follows. 

these test inks are marke ted in 2-d yne/cml increments, so, that the surfece energy of 
the grafted^atings is readily determined, and the graft coated sample articles produced by 
the following examples have been shown to have a surfece energy of at least 56 dynes/cm , 

which is within the limits of the testing reagents available at the time of testing. Higher 

The nrocess mav be terminated bv radical combination as shown in reactions(5) ansj 1(6)^ 
^S^e er^rgy-resuhs, e^, up to '80 dyies/cm % and greater, are expected to be confirmed 

XX x - 

EXAMPLES 

The following examples serve to r pro vide further- appreciation of the invention but are 

b - -^nz - ^rufn p cm - v. fx u n r - *_n: - ~ -i- - jm - o 

not meant in any way to restrict the effective scope of the invention. 

XXX w 

EXAMPLE 1 " 

Solvent-Based Grafting Formulation with Urethane Prepolymer 

A sample of polyethylene board ( HDPE of about 15 x 60 cm) was treated by grafting 

S - V CK^ - CH) a-ai-I - S 

urethane and silane monomer to the HDPE surfece. Reagents are shown in Table 1, below. 

X Table 1 Parts by 

Coated Polyethylene Weight 
(Wherein., n and m are integers d egrit-.^ ub\zrit nr-ber. and can be the same or different 
Aliphatic Moisture Curing Urethane M27-X-63 ■ 1 00.0 

Toluene 100 
Thus : w)«Qiitoii»Pklte3S't«As from step da* through steps (2)ffi©d (3), the new 

Dolvmer structi^ and the chain is lengthened Mi that point until 

* ' (OSi Specialties, Inc., Danbury Connecticut) 

the reaction is tKdEi^erbxia&<0.ll%^3M^B&Mfion) &°m steps (lb) aio&lc); a preformed 

Silver Perchlorate (0. 1 % in MEK solution) 0. 1 
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VP ART B 

reactive pOivra£^ift]&^^iQOvidi che p£ su^ 2 - 3cL:L alternative rations provide a 
coated polyethylene material that possess aii the desirable -properties of the selected grafted 
■Preparation-otPART A 

Aliphatic moisture curing urethane picpolymer M27-X-63 was taken in a container, 
W to,it<were sAA^ mm ibmets^aa\wsL graft initiator system and the other ingredients of 
me compoduonswerea^^^ 

slneiresulting rnixture; was vthen stirred to! foniffl3miform;solunQn^oftS«tjAHD?E 5 by any 

available art-known method, including., e^. brushing, spraying, dipping, spin coating, vapor 

deposition, and the like. The \iaccsity-rfihe grafting ■< :.- • r. Is adjusted as needed, so that . 
Preparation of th* FORMULATION: . _ ... . r - :ra shl~is. wrhout""* 

" The Part A solution Vas mixed into a separate container with the Part B solution, in 
the weight proportions shown above.by Table 1. The mixed formulation was stored to a 

^^c?c^egL%l,^|?^Sg^ition is cpriondiy prepared in two parts: Part A and 

A pplication of the drafting Coating : 

The polyethylene samples an^reia^-pa#w-efe -coated with the grafting solution by 

sprayin^e^ . 

t&Prt&k toafiwbdfialff m m^iiim^^i^m^^^ studied 

raonom-srs era^oyad. and can include polar solvents such cs water, water soluble alcohols, 
Tor various characteristics. 

ethers, e^^toge^^ Sn^ofSt least 58°* 25 

^cln 5 r^c%nfirWe^ea^^ an3 paintabm^ deri ^ es - a ^ es 

allege? :hel: der "varives. kaloge-ated organic selves, -Jier readily available solvents. 

G"2" Ii- ; ^aic^ are pTcisrabiv ^EXAMPLE ■ 2 •■ ;r exararie, iron, silver, cobalt, 
" Water-Based grafting Fo rmnlation with Urethane Prepolymer 



Hie oxarln .addition to,the;splYmt-bas^ 
^grafting formulations werjcalso^preparetL^uTable 



formulation.;: ol;- 

, - r ,,,w-;. r -»v; Table2 i -r ;• • . .--Die. hvcro£art*t>ydde and 

Weight . 

- r ^-„ nv ; t :^ ; , ir v ?< - ~ n Sec^rid^ .vox : " j * ' -* *- e±vi ketone perexice, 1 -butyl 

hvircpero:cdT aUreliian - r catalysts arlOQ-Oarably 

. r , . Epi-Rez Resin 35 15-W-60 u .~ . , ..-.50/ ^ ct^o-^Zvw. 



ernp: 



preferablv, the cErB-Solventemploved iii a coacentrav: r rxijr-'g Srom aboJA-Q^ to about 

Aluminum Paste 251 PA. . . 8.0 

1 .0% (by ^. rel^j^TM s^A^"' 1 -° 

(Witco OrganoSilicones Group/OSi Specialties, Inc.) 




c^c&sed moncgi^ers, silicon- 



based monomers, and/or combinations thereof. Organic-based monomers useful for grafting 

surfaces compri^ s gj!^ precursors. Urethane pr£cpors include 

water-dispersed polyurethane monomers, e^, NeoRez™ R-9679 (Avecia, Inc., Charlotte, 

^Preparation of FART xAiter-dispersed prepolymers include epoxy monomers, e^ 

preferab yreA^^pf«P^lyp^}N^QR^z567i9 atfas) takenHma r contai£©c ^<f^i£^r£a3dded 

imonomers., cataly^sgraft initiator and other ingredients of the composition in the proportions 

describe sugra b^Tay^^:J^e wnteh^^ ih^r&fients 

^were^taken in .the cono^tratiotfratib ^/ii^cate&'ih the con^ositibffibycweightrigle Park, 

North Giroima,. and Q.RJL EX -10 apcxy resr: . 7 - Z^iizzi) and or combinations 
Preparation of Full Formulation : 

The contents of PART A were mixed with PART B, in the proportions :shown by. 1f \ 

Aromatic moisture curing uretnanes :aciuc.-- . v^e ^y^n-isi- . i^i-^-ru ? 

Table 1. This was followed by stirring the mixture v to x a umfoim solutiom-as d^cnbed,foi: 

M21-X-40LM. M23-X-56, M3 /-Aa8r-42. MO/-iuO. \uo-a-ck ana iviso-^oTT-ou and/ur 

combmteJnf^e?eof (Reichhold Chemical, Inc., Research Triangle Park, North Carolina). 
MethodW^^ for eXaXr * l£ ' Uhe Spenkel™ P49-A60, P82- 

K4-75, sftf^^ were 

tv^c* ^c^Hf, for eicample. JSDPxy nrroolvTzjer Araldite QZ 488^-40 epoxy. resin (Ciba 
oneMay rThe' coateft p arts were then studied for various characteristics. 

Geigy Gfgg graft coating was shown by the test to have a surface energy of at least 56 

j / ^ : 2aLD-b^d=™^orners usenil for Grafting s\^T3.c?s rpmprisixig PE preferably 
dynes/cm , miiis ; confinmng enhanced adhesion and pamtabmty. 

include siiane prepolymers. Readily available siiane ir-oncmeis include organic siianes such 

as. vinvi aikvl-ethoxvsiianes, e^, vir.y i E^AMPLE 3 : ? sr.d vinyl trinaethoxy siiane 

Water-Based Grafting Formulation with Urethane and Epoxy Prepolymers 

monomers, t.z,. y : : ana m* ^ — ^^c-. . . . ^v.. . ^ww*w s 

? enns v Wauter r b^^g3^fting foimul^onsicombining both au^thaneiaridiepoxy-based 
prasolymersxwj^^^^ 3 ,-belo^; provides a water-based urethane/epoxy 

formulationre preferred embodiment, vinyl and s?c:<v . actional siianes. such as the vinyl 
tneihoxy siiane and vinyl trimethoxy I^lc3ionorn^rs scribed supraTva^Af^ to the 
grafting solution in order to provide ; jF£jffi*£ paintab;!:-/ and scratch S?l§rrrce to the 
grafted surfaceUrejfea^^^^ ±z rrar.ed articles to i*O05O.dily painted or 

marked in any ^^InuTSyother usetui achesives or coatings j^r manufacture. 

With these impTinfeAydrWD2jS7aerties f the grafted surface cah be easily ci&Or-coded after 
manufacture, $1^^ In ano^er preferred 

embodiment, tjnc^afted articles can be readily fixed or affixed to other .articles by means of 
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The graft coating was shown by the test to have a surface energy of at least 56 

, , . . 13 , . + u . r# , 9011-1001 

dynes/cm , thus confirming enhanced adhesion and paintability. 

adhesive or glue-type systems. In an optional preferred embodiment, grafting of the interior 

surface o£ for example, a PE-based ca rEXAMPfcB S iiow post-manufacture application of 

.„ Organic Solvent-Based Grafting ■ 
art-known coaii ^ ftgt ^3^^™ft^gffilp$M pftfflgBfeffl&arf *" retard 

microbial growth within a. fluid- filled system of pipes, as needed. 

- A jsecond organic solvent based grafting formula was prepared and applied to a 

*hf Slu tiifer^cicrrcu eoufeomaeiSt aacufftonai comcon*5nis are optionally combined 

nol vethvlene samnle bv the same methods described for Example 1 , supra, but employing 

R9rXfW A !^5itfHJ^ components include, e^e., one or more ayes or 

%^P:PSfefe to the gn-^i coaling, as well as with any 

Table 5. , 0 , <-> I - 

otner an-.<nown components eomm ^.^v .^~ ed to parr: v:a hearings, pgffig gfj ecuve 

colorants include, simply by way of example, finely zl^-.^z metal powrWeifihJi proportion 

. - . ~ ■ i • - PART A " , , . c u 

sufficient to eve the imisnea graite ^ cwu^t a meta^i? renective ap5§ftW?P e - Such 

~Epoxy prepolymer ~ jouu.u 

metal powdei^^^tfe:GZ488iNl40lMt(Giba4Qeigy)n- copuer. brass, stainless steel, gold, 

2625 0 

chromium aiid^^|^V^jfecrHsAi8aBle powdered material that will impart a ^^geflective 

luster. Optiom(3eUuOTlve T a8etate'e colorants are employed, separately or ir&SQsQoination with 

n • <fEE Acetate?^, Pride Solvents and Chem. Co.) „ ' 

metalhc powastjfc* ^uS^adifiona/ rrnective co to rants include, for example* f?o\wdered 

Aluminum paste 25 1 PA xiu.u 

titanium dioxiSUcp<^t5^SilanelA-:18:7mbinations thereof in proportions th£A&pari a 

.. , .fWitPO (>eanpSiUcones l Group/OSi Specialties Jnc.) 

rexiective whit^appearatK-elo.tne nn'jshed coating. oc n 

Ferrtim ammomum sulfate ZDU 

In a furlL%jilEi^soltitiohodiment 5 suitable inorganic or organic dyes or pigments that 

• -Silver perchlorate 1%MEK solution . * . 4 . ^ 25 -° , + * 

impart a margin" jj^pjlp 101 waue or metauic are mixed into the gra^jQg gpiution or 

covalently !ink(AlszO'Nobet of the liquid 

composition. Xc^inciuae colorants that impart red, -z:~cr^ orange, yellow, blue, \iolet and 

variations of these. Suitable eolorant PART?B purpose - . :ude r simply by way of example. 

Tint Avd £?-oWf?^^^?!^?e??9e:iow, anchor combir-i.'.cns thereof that are commercials 

Aromatic Polyisocyanate 

a\aiiabie, :br eDesmodtir-GB^75^:(Ba Diy.) Jersey). Additional such 

Xylene . * , 500 - 0 -, 

pigments or cdrT/sXSi :ncmae. e.g. . . zirconium oxjae. :: ~? ;^ zmc oxiae. iron oxide, 

anrimonp^A r md B-wereimixoi in.avration?of:Part A:.Part B of 10::,0:8g 2 pae^rest^tmg: 
ajpuf^gifo^ onto:the substrate, foUowj^A^^ 

h was xondumed^^^ 30 minutes; and .thmibytheatingi%ri3a rnHkigckSO- 

(tf g^y&pxluminum oxide, aluminum silicate, calcium sii:c~;e. calcium carbonate (mica). 
pot^siur^£Vjp^j^£^ test »tO : Have a^surfade. *ei^9f t atdeasfc£6 

P^gg^^u^^firn^ 01 ld about 1 0 P^ s b Y 

weight per part by weight of the polymer components of the grafting composition, on a dry 

weight basis. 

Further optional components of the iiquid composition of the grafting solution and of 
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the formed eraft coatins include, for example, anti-oxidants, U.V. absorbing compounds, and 

EXAMPLE 6 

other stabilizers well known frr^fy^a TTmr&tt'GoSfflfr 7110 com P osltlon oi 

invention may also optionally include other ingredients in amounts which are commonly t 

Yet a further grafting formulation was prepared using the components shown below m 
included in paint ana lacquer formulations such, wer-ng agents, surfactants, bactericides, m 
Table 6. Part A was mixed with Part B in the ratio of 100:8.7 bv weight The applied coating 
funsricides, mildew inhibitors, emulsifiers, suspending agents, flow control agents such as . 
was air dried for 30 minutes at room temperature, 30 minutes at 1 65°F. 
waxes or wax dispersions, level agents, thickening agents, pH control agents, slip agents such 

Table 6 

as -silica or clay and" the like. Parts By 

In a still further embodiment any of the abcvr-iescribed rWeight rs> including, 

PART A 

simply by wa^^^&i^gf^ polvoremar, - combination with, e^ 3 epoxy 

prepomners £Anddi^ Co, Pa-;; . New JerlQO.pOnd XeoRez 

R9679™ (Av^g^Et^VK^^'crth Cardie - .-s-Iiriced ^ 0 0 i: ^ le colored dyes 

or oilmen's b^lpSSo^a methods' in order to nrc : nilly grafte^QjOO permanently 

Cellosolve acetate 10 - 00 + ♦ + u 

colored surf^ S a^e^ltj(yd PE substrates. Medico .cr lining dy^g pigments cO these 

monomers are%TO^gDM^ r example, die desired :l Grants and/o? l>£Qnenu are dissolved 

Silver perchlorate 0.1% solution . . ^ 0.21 . 

in monomers/p^^ a P?- ec ?nrc me deslrea ? 4^F ate b > ? effective 

method (e.g., ^i&g«P^^ ^^^uring at, at ab&20 x5 0°F for about 20 to 
about 30 minutes. PART B 

PrepolEffiBH«to ^ ti&§$afting solution in a 

Xylene 14.28 

concentration ranging from about 0.1 to about 50 c > :y weight, relative to the solution. More 

preferably, the prepolymers and/or monomers ar? m^loyed in a concentration ranging from 

about 0. 1 to about 20%, b v weight, relative to the scl^ion. 

EXA1MPLE 7 

Thus, the desired rsagents efefr. GrafBiig Coating or monomers, catalyst, graft 

initiator svstam and orher :n£r?dien*s of the con::- - -ur. are mixed in a :on:ainer with a 

An* even further grafting formulation was prepared using the components shown 
ccrrredh'e solvent cr solvents r z fcrm Part A. . . 

below in Table 7. Part A was mixed with Part B in the ratio of 1 00:25, by weight. The 

■n ve: a still further imbocimenu cne --me retardant a^en: cr agents are 

applied coating was air dried for 30 minutes at room temperature, 40 minutes at 170 F. 
icae^ me xcrmulaiion, e^ are added to Par, --iy art-Known flame-reiardant 

Table 7 • , .„ 

composition thai is compatible and miscibie w— ; :omponen:p|p& gyvents or the 

formulation is optionally employed. por gg^'~ - vknovvn orgrSKglsMnorganic 

phosphorous-^g^p^ - ed * 100.00 

In paxMsfeX^^M^toflferdant is a phc^h-rcus-based fiafi&?ftardaht such as, for 
Toluene 18.75 
example, cU6^f!kfafi$fote esters, melange io:i"*ave* pligc^Q phosphate esters, 

brorpoarvl eti^iS&AklSPproducL and phosphorus. Exemplary retardants include, 

Silver perchlorate 1.1% MEK solution. .0.10 _u„„ oto 

dimethyl med^c^^a, £ftoffi£fcft££- -^thyi) ^O.Ttf^ phesphonate, 
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olisomeric chloroalkyl phosphate/phosphonate, tn ( U ^-dichloroisoprepyl) pfaospnaie, 

PART B 

oligomeric phosphonate, to name but a fc^^ 

TheseAifiiiife:i£aJ^^ others, are availa^fe^^rfrom Akzo 

Nobel Chemi^^ tradename of Fyrol™. Additional 

trimethylhexamethylenediamine from 
flame retarda&k^dite^ phospates, aklyi aryl phosphates, . 

t-buryl triaryfpn!^ia^firiax>i phosphates and resorcinol diphenyl phosphate, which are 
available, e^ from Akzo Nobel Che ^^^?£ E 5 ^ rG - under the tr . adenames of ^y«>flex™ 
and Phosflex™' The Akzo P ho s fl e x Th ermal' T estin g : t . e^, tributyl phosphate, 

iso ? rc T^ provided by thegrafting 

c -temn^fied herein, cime&i'! rne^T^o^:^— available as r\Tor v * DMMP 
treatment of Example 4, supra, was confirmed byheat testing. 

-Vnrn v,-o NiVoei Chemicals, Inc.. ;s tnixea into ;■ r.r.vlaiion, aione and'c-r in combination 
Totin g Method 

^rh anv r^th^ ci»*ahie ^Qme ^etzrnp-* ~---enal * ^^""h^ table summaries the name 
bne£ s^ together with untreated controls, 

rerqrdsmt prirtnws available nrom Akso Nobel Cicrcisa- inc., bv both gexi'enc «snd trade 
wScraSoe^efl to mtmse Keal fern an 800°C gas-fired heating panel m an apparatus 

3rf i nro ^ded for e^ver-erc^ the reac . 3 r, 3jicLi? not intended tcj limit the 
designee! for tlM iS^Wa^c&el B3T SX deiig^ed by BSM. The heating panel was 

rSfifiar 1 m ^S^miuSu^25 x 51 cm, and was rated at 1 1800 Watts. The graft- . 

treated H^^-s^pl^as light colofiaTand'ffiemtreated HDPE sample was the typical 

black fd^inpfo^ction-grade pipesfl, 3-dichloroisopropyl) phosphate 

p o) tni pptt tri Q-ch3oroethv]\ phosphate. , ^ 

The^32^X;testing apparat^ £<^Jft^ aUows heatmg 

panel toFii^elPa pfedetermined, unifbrrnfeii^^ begins. Thus, the 

heating panel was turned on, and after.it reached 8 00°C,,the f samples were clamped into the 
apparatus attf&st&nee of about 12 J]^firofi£tii^he^^ raised . 

(time 0)^The;sampjles were observed and flie" elapsed time^tb ignition (open fire and the 
emission ;o£burriing drops) was recofded-forieatli sample, phosphate 



Resalts-for Untreated HDPE Sample rjc ^„ ^ c ~~~ r J ar nmomwn. phosphate salt 
TemperaJure otradiating surface : 800?-C-.-dun :r_. ;-:.rrr,oniuniphos-pha:c. sah 

0:00 min.: sample was pla ced, in, testo&.smd.Mid^eat , exppi^e^tarje d. 

3:40 iniErsampl&w^^eiUy bum of molten plastic. 

Fyrol™ 6 diethyl N.N bis[2-hydroxyethyl] 

aroiaomethyl rhos^hoaate 
Results for Graft Treated Sample of Example 4 



Temperature of radiating surface : RnrtfMamine Der.var.\~s 

Fvror M MC . meiamme.cvanurau •' ... 

0:00 mi£? sample-was placed m te^ng stand and ..heat exposure started. 

16:50 min.: sample was openly burning and emitting burning drops of molten plastic. 
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■* Bromoarvl Ezh&Pkosvhate Product ' : 9011-1001 

_ ^BJ? . . e i^S^Si:Q^ric^^ v i --<:cc ohosphate ester 

Resalts for Graft Treated Sample orExampie 5 

Temperat^feftfer^ati^ssff Pan A in a proportion that enhances the flame 

0:0£jEni&: i f^Rteiw^s* piSGegJr intte§ting iftand} and heat exposure^ started^ te properties as 
18iQ&rflfod Lsampleig^as Sf*®ly burning ^di ^ttog burning; drop^<^mpl$en giagtic; ate what 

amounts/proportions of flame retardant to add to Part A. Simply by way of example, the 

flameT&^jS^tej£^ to^gmtiog^ 
pro^d^iby^the^raftttreato the flame retirdan: is added to Part A in a proportion 

raneiNumerpus ^references ^rejmrationed^ ^ecigc^oife ghg discl<£ures of 

whickrSC&ffifiP^ entireties.-, T anging from about 0.5 wt 

percent to aoout 3 wt oer.ceu;.. or m:/i. 

i 

The on of the formulated licuid -cmposiixc - .\; z i.i preferably be in the range of 
from about 6-8, and appropriate amounts of a suitable j.c^, e.g. phosphoric or acetic acids or 
a base, e^g, sodium hydroxide., ammonia or ammcrrum. hydroxide, may He included into the 
comoosition to adjust the pK as necessary. 

Formulation of Part B 
Part B of the grafting solution is prepared as a separate solution to contain a 
polymerization promoter, such as a crosslinking compound. This strategy avoids premature 
gelation or hardening of the composition over periods : : storage. Suitable crosslinking 
compounds include any arc-known crosslinkers that will react with, and enhance crosslinking 
of ;he monomers or prepolymers employed for the zv-ftirtg process. Such a polymerization 
promoter is particularly desired' wnere the polymeric ;:mpcnent contains functional groups 
which ar^ capaoie of unaergomg ionic condensa::-:. ;;^:.^ns, e.g.. car coxy, hy proxy or 
ere xv. 

Suitable ocivmerizaricn rromoiers or ziziz^-s.^l aa^ats include melamine based 
ammo resins such as hexamethcorvmeihylmelamme z ;r™r£uanamine resins, urea 
formaldehyde resins, glycoluryi-based resins and :L<z ~r.ar.als. Preferred crosslinking agents 
are those which are active at ambient temperatures. rom about 20 to about 30°C and 
include epoxy silanes such as gamma glycidoxyprcry .-rimethoxy silane. beta-(3.4- 
epoxycyclohexyl) ethyltrimethoxy silane and polyfurcticnal aziri dines. In particular, the 
selected crosslinker is reactive with prepolymer or poiymer carboxyl groups. 



